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Proceea and apparat^us for wockpiece coating 

" Tha presant: invention relates to a coating arrangement ac- 
cording to the generic specification of claim 1 as well as a 
process for coating vrorkpieces according to the generic 
specification of claim 14. 

In many Known vacuum treatment processes, cleaning of the 
workpiece surface is performed prior to vacuum coating, 2n 
addition, the workpiecas may be heated to the desired tem- 
perature before or after the cleaning step. Such steps are 
principally needed to ensure adequate bonding strength of 
the coating to be deposited. This is especially important in 
applications where workpiecos, and tools in particular^ are 
to be coated with a wear protection coating- On tools such 
as drills, milling cutters, broaches and shaping dies such 
coatings are subjected to very high mechanical and abrasive 
stress. An extremely good bond with the substrate is, there- 
fore, essential for useful and economical use. A proven 
method for pre-treating such tools is heating with electron 
bombardment, and etching by means of ion etching, for exam- 
ple, sputter etching. Heating by means of electron bombard-^ 
ment frcm a plasma discharge is known, for example, from DE 
33 3Q 144.- 

A plasma discharge path can also be used for cjreating heavy 
noble gas ions, for exan^le, argon ions, which are acceler- 
ated from this plasma toward the workpiece or the substrate 
on which they cause sputter etching as described in DE 2B 23 



In addition to sputter etching another known technique is to 
operate plasma discharges with additional reactive gases and 
to etch the workpieces chemically, however, also process 
techniques combining reactive etching and sputter etching 
are f asibl • Th objective f all thes pr --treatment proc- 
oeses i to prepare the workpi c aurfac in such a way that 
th subsequently deposited coating adheres well to the eub- 
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strata. 
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For plosniQ generation t.he aforementioned errangennento us a 
iQv^vol^age arc diecharge thal^ la arranged In the central 
axla of the apparatus whereas the workplecea are arranged at 
a certain distance around thta arc along a cylindrical sur- 
face. The coating ia aubaoquently deposited by means of 
thennal evaporation or eputtering. Depending on the process 
nanagesient, an additional Ion toowbardment is generated dur- 
ing the coating through a corresponding substrate bias, a 
technique which is known as ion plating. The advantage of 
this arrangement Is that large ion currents with sjnall par- 
ticle energy can be drawn from the low-voltage arc which 
affords gentle treatment of the workpiece. The disadvantage 
la, however « that the workpieces must be arranged in a £one 
defined radially to the discharge and that as a rule they 
must be rotated round the central axis as well as their own 
axis in order to achieve uniform and reproducible results. 

Another disadvantage is that due to the relatively narrow 
admissible cylindrical processing band width either the 
processable workpiece aise is limited or the batch sise is 
limited for a large number of small workpieces which se- 
verely limits the cost-ef f ectivenesa of the known arrange- 
ments* This limitation is due to the fact that the low-volt- 
age arc discharge which centrally penetrates the process 
chamber requires a certain dimension for itself- In order to 
produce good and reproducible results, the workpieces must 
have a suitable distance from the discharge which means that 
a large portion of the central process chamber space cannot 
be utilised. 

Also known are sputtering arrangements with so-called diode 
discharges. Such diode discharges are operated with high 
voltages of up to 1000 Volt and even higher. Diode etching 
devices have proven to be unsuited. to applications with 
demanding requirements. On the one hand the achievable etch- 
ing rates and consequently the efficiency is low, and on the 
other hand thes high voltag a can produc d facts on aensi*- 
tive substrates. Xn particular workpieces that requir 
three-dimensi nal processing such as tools cannot be readily 
proc ssed by such an arrang m ntt TooIb^ for example, are 





designed vith a number of fine cutting edges on vhieh such 
dXschargea tend to concentrate » with the result that uncon- 
trolled effects such «a overheetlng end even deetruetion of 
the functional edge can occur on such fine edgea and points. 

m the patent application DE 41 25 365 an approach for solv- 
ing the aforementioned problew is described, it asBiimea that 
the coating is deposited by means of a so-called are ovapp- 
ration process. In order to produce well-bonding coatings 
with such evaporators, the arc of the evaporator itself was 
used prior to the actual coating in such a way that the ions 
produced in the arc, particularly the metal ions, are accal- 
aratad out of the evaporation target toward the wrXpleces 
by means of a negative acceleration voltage of typically > 
500 Volt, but often also in the range of 800 to 1000 volt so 
that more material is sputtered off the wrkpiece than de- 
posited. After this etching process the evaporator is oper- 
ated as a coating source . The description mentions that in 
the usual processes based on the arc coating technology such 
high voltages are essential for producing well-adhering 
coatings through the are evaporation proceoe. 

To pre^rant the problem of overheating or etching on uneven 
ntasa distribution or on fine workpiece geometries, the de- 
scription proposes to operate, in addition to the arc 
plasiAa, an auxiliary discharge path with high voltage that 
causes supplementary ionieation which la coupled to the 
evaporation arc. An additional DC source causes ions to be 
extracted from the plasma and accelerated to the workpiecc 
and thereby produce the desired etching effect. An addi- 
tional anode with another discharge path operated from a 
separate po*»er supply le envisioned for increaalng the ef- 
fect. During the etching process the arc evaporator Is oper- 
ated with a closed shutter so that the substrate is shielded 
from the direct effect of the evaporator, thereby preventing 
BO-call d droplets on th aubstr te. 



The disadvantage of the above arrangement is that it also 
requires a high voltage, that only limit d processing homo- 
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9«nBitl0S axe achievable, and that through the coupling o£ 
the different plasiaa paths also the adjustment capabtlltlea 
ill the operating environmenta are limited. In addition thio 
arrangwnent is very complicated and consequently costly to 
build and operate which eerioualy impairs the economy of a 
production system. The utilisation of voltages in excess of 
1000 Volt requires additional safety precautions. 

Systems that are based on the current technology are not 
well suited to high throughputs if also high processing 
qualify is required. Systems that accommodate coating widths 
of up to lOOO mm and more can be built only with great dif- 
ficulty, if at all. 

rfhe purpose of the present Invention is to eliminate the 
aforementioned disadvantages of the current technology, in 
particular by creating a coating arrangement and by propos- 
ing a process that is suitable for depositing well-adhering 
coatings on a large number of workptecee, or on individual 
large workpieces with uneven mass distribution, without 
damaging the fine structurea but with the desired homogene- 
ity and the required highly economical processing rate. 

this is achieved by designing the process arrangement men- 
tioned at the beginning in accordance with the characteris- 
ing portion of claim 1, and by the coating process designed 
according to the characterising portion of claim 14. 

Accordingly the workpiece surface to be coated is exposed to 
a plasma source designed as a hot cathode low-voltage arc 
discharge arrangement by transporting it transversely to the 
linear extent of the latter 's discharge path. The workpiece 
is connected to a negative voltage so that ions are ex- 
tracted from the arc discharge and accelerated to the work- 
piece, causing the latter to be sputter etched. Subsequently 
the workplace is c ated from the sam side from which the 
low-voltage arc diacharg was ffectiv . 



The prftforreil design varinnto of th« eoanlng errcingwwnt 
conforming to the invention are described in the ewboldlary 
claina 2 to 13, and the preferred design varlanta of the 
procene in clains 14 to 17. 

Etching with a hot cathode low-voltage arc diecharge or- 
rangement as the ion source ie particularly advantageous 
because euch arc discharges can be operated with discharge 
voltages of < 200 Volt which means that this process is not 
afflicted by the disadvantages of high-voltage etching. 
Etching with low-voltage arc discharges is also particularly 
harmless to the workpiece« that is, the fine structures on 
larger workpleces such as cutting edges are adversely af- 
fected neither by thermal overload nor edge rounding caused 
by high-energy ion bombardment. 

Despite the relatively low discharge voltage in the working 
range of 30 to 200 Volt DC, but preferably within the range 
of 30 to 120 Volt, a very high discharge current of a few 10 
to a few 100 ampere, preferably from 100 to 300 ampere, is 
feasible. This means that this type of discharge is able to 
produce a very high ion current at low energy. X)ue to the 
high ion current available, a high otchtug rate can be 
achieved on the substrate at a relatively low acceleration 
voltage, and as has been mentioned before, with gentle 
treatment of the viorkpiece. The extraction voltage or the 
acceleration voltage on the substrate is within the range of 
-50 volt to -300 Volt, preferably within the range of -100 
Volt to -200 Volt, The ion current drawn to the workpieccs 
achieves values of 5 to 20 ampere, with a preferred vorking 
range from 8 to 16 ampere. The processing width for the 
worKpieoe or workpleces can be up to 1000 iwn. With a some- 
what more alaborate equipment design also larger processing 
widths are feasible. The achievable values depend not only 
on the operating values for the arc discharge but also on 
their geoTO trie arrangem nt relativ t the workpiece, as 
w II as on the e lected working pr ssure. Typical working 
preBBuree ar of the order of 10"* mbar. For oper ting th 



ore dlBohorg^ a noble g«» la u»ed as the vorkln9 g«8, pref- 
erably a heavy noble gas such as argon. 

in the past, low-voltage arc discharge arrangements vere 
rotation aywDetrlcal which means that the arc discharge was 
arranged In the center and the workpleces were rotated 
around this arc discharge located In the central axis. The 
«sstt«ptlon was that the rotation syiwnetrlcal arrangement 
with the centrally arranged arc discharge would offer the 
best possible result with respect to uniformity and speed of 
the etching operation- Surprisingly it has been shown, how- 
ever, that the asyinmetrical arrangement proposed by the 
invention is overall much more advantageous than the afore- 
mentioned rotation sywrnetrlcal arrangeii»ent. With a rotation 
sywnetrical arrangement with the arc discharge in the cen- 
tral axis the placement of large volume workpleeea is re- 
stricted toward the center by the arc discharge itself, m 
addition euch workplaces have to be rotated not only around 
the central axis but also around their own axle so that 
efter the etching process the etched workplece surfaces can 
be coated l«nedlately with the coating sources arranged on 
the chamber wall. Only in this way is adequate distribution 
of the etching process and the coating thickness ensured. 

It has else been shown that the distance of the workplece 
from the arc discharge is more critical in « rotation sym- 
metrical arrangement than in an asymmetrical arrangement In 
which the workplece is exposed only from one side toward the 
arc discharge. 

in the apparatus according to the Invention it is possible 
to pass large-volume workpleces in front of the arc dis- 
charge without additional rotation, with the result that the 
size of the process chamber can be kept within reasonable 
limits and the handling of heavy workpleces is greatly sim- 
plifi d. This has a significant Influence on th economy of 
production systems. The arrangement according to th inven- 
tion is advantageous not only for large-volujn workpleces 
but it is also possible t accommodate and simultaneously 
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process a correspondingly large number of smaller work- 
pieces « 

Another advantage of the arrangement according to the inven- 
tion Is that the etching apparatus no longer has to be con- 
structed ae an integral part: of the process chanibar becauso 
it needs to be arranged only in ^he area of the process 
chamber vail which means that it: can be arranged as an elon-^ 
gated, smaller discharge chamber on the letter's outer wall 
ao that far greater freedom is achieved in the design of the 
process chamber. It has even been found that this arrange- 
ment is far less critical with respect to the distance be* 
'tween the arc discharge and the workplace surface, which 
means that higher reproducibility of the results is achieved 
with larger spacing variations that typically occur with 
larger workplaces. The total ion current that can be ex- 
tracted from the arc discharge still reaches advantageously 
high values and can be concentrated fully on the wockpieces, 
thereby producing the desired high etching rates. The actual 
separation of the low*voltage arc discharge or the plasma 
source frcm the process chamber or from the treatment zone 
also affords a higher degree of freedom in the design of 
this source and consequently a much more flexible adaptation 
of the source design to the process requirements than is the 
case with the integral rotation-symmetrical arrangement with 
discharge in the central axis of the equipnent. 

For depositing a well»bonding coating after the etching 
process/ one or more additional evaporation sources acting 
from the same side are arranged on the process chamber wall. 
Particularly suited are sources that can be arranged Inr such 
a way that, like the elongated low-voltage discharge^ they 
coat the workpiecee transported in front of them across a 
correspondingly elongated area. Suited are sources such as 
sputtering sources or arc evaporation sources. Practice has 
shown that so-called cathodic spark evaporat rs or arc 
evaporators ar particularly suited becau e well-bonding 
coatings can be economically piroduced by these and th pre- 
c ding tching process. Test tools processed through this 
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arranaemont achieved « ttsetul. Xlfa that was significantly 
and r«producibly longer than achieved by known arc evapo- 
rated coatings with preceding high-voltage etching. For 
example, the useful life of cutting tools such as milling 
cutters was improved by a factor of at least l.Sj in par- 
ticularly favorable caaes even by a multiple over conven- 
tional techniques. In addition a very honogenous etch dis- 
tribution was achieved which is far lees dependent on the 
workpleee geometry and also allows mixing of different sub- 
strates in a batch. 

with the propoeed arrangement it Is also easily posaible to 
implement processes not only with noble gases but also with 
chemically active gases because the low-voltage arc dis- 
charge activates gasee such es Nj, Mj very well. Unwanted 
paraaltlc discharges produced by insulating surfaces can be 
easily controlled with the low-voltage discharge. The low- 
voltage arc discharge is preferably operated with a separate 
cathode chamber or ionlsatlon chamber that accommodates a 
hot cathode and communicates with the discharge chamber or 
the process chamber only through a small opening. The gases 
are preferably admitted via this cathode chamber. Thie re- 
sults m a certain gae separation between the process cham- 
ber and the coating sources which reduces or eliminates the 
problem of target contamination. With this arrangement it is 
also possible to perform activation on the worJcplece with 
different process gases during thei actual coating phase. The 
desired working conditions can be establlehed by choosing a 
corresponding negative or even positive voltage on the work- 
piece . 

AS the workpieces generally have to be passed in front of 
the sources several times during a process step In order to 
achieve the necessary etching depth or coating thickness as 
well as uniform and reproducible treatment, it is advanta- 
geous to design th apparatus in such a way that the work- 
plsc 9 can be rotat d around a c ntral axis and to rrange 
the 8 urc s on the chamber wall in ouch a way that they 11 
work from th outsid toward the inside. In thio case a v ry 
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largo workptaco can be arranged for proceeolng in such a way 
that it rotates on Its central axis, in the saroe space, 
however, also a large number of small wrkpieces, even of 
different si«e, can be arranged on a holder and passed 
across the sources vhile rotating around this central axis 
in order to achieve homogenous results. Such an arrangement 
is particularly compact and easy to build which is essential 
for an economical process* 

The plasma source or the low-voltage arc discharge is pref- 
erably arranged on the process chamber wall, transversely to 
the transport direction. The low- voltage arc discharge de- 
vice can, for example, and preferably be arranged in a box- 
like attachment, here in the form of a discharge chamber, 
which is connected to the process chamber by a long narrow 
opening in such a way that the low-voltage arc is arranged 
directly opposite the workpiece(e) or the sone to be proc- 
essed. The low- voltage arc discharge is generated by an 
electrically heated or thermionic emission cathode and an 
anode arranged at a certain distance, h corresponding dis- 
charge voltage is applied to this anode, causing an arc 
current to be drawn. This discharge features a gas inlet 
port through which the arc discharge is supplied with the 
working gas. This arrangement is preferably operated with a 
noble gas such as argon, but as has been mentioned above, 
also reactive gases can be added. The sise of the discharge 
path should be at least 80% of the treatment sone width and 
be positioned relative to the treatment sone in such ft way 
that the desired treatment distribution or homogeneity can 
be attained. To achieve the corresponding sputter etching on 
the vorkpiece, the latter or the workplece holder is oper- 
ated with a negative voltage relative to the arc discharge 
arrangement « Depending on the process, such as in reactive 
processes during the coating, the arrangement can also be 
Operated without such a voltage or even with a positive 
voltage, that is, with electron bombardment. Asid from a DC 
voltage also a medium or high-fr quency AC voltage can b 
used, and also superposition of DC on AC is feasible* The DC 
voltage can also be pulsating, and it is possible to super- 
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pose only part thereof on the AC supply. With such a supply 
It is possible control cazrtialn reactive processes, it 
also can in particular avoid or prevent parasitic arcs if 
dielectric xones exist or are formed on the equipment and 
the workpiece surfaces. 

The desired distribution with respect to the processing zone 
can be set via the length of the discharge and its location. 
Another parameter for controlling the distribution Is the 
plasma density distribution along the arc discharge. This 
distribution can e.g. be influenced with the aid of addi- 
tional magnetic fields which are arranged in the area of the 
discharge chamber. For the setting and correction of the 
process parameters, permanent magnets are positioned . along 
the discharge chamber. Better results are achieved, however. 
If the discharge path is operated with additional, sepa- 
rately powered anodes vhich are arranged along the discharge 
path in accordance with the distribution requirements. With 
such an arrangement even the distribution curve can be In- 
fluencfKl to a certain degree. Preferred i», therefore, the 
arrangement without correction magnets and with more than 
one anode along the discharge path. However, it is also 
possible to combine this preferred arrangement with addi- 
tional correction magnets. Additional anodes can be readily 
operated In combination with a single cathode. It Is advan- 
tageous, however, to have an emission cathode opposite each 
anode in ordor to achieve optimum decoupling of these cir- 
cults which in turn improves the controllability. 

The thermionic emission cathode is preferably arranged in a 
eeparate, small cathode chamber which communicates with the 
discharge chamber through a small opening. This cathode 
chamber is preferably equipped with an inlet port for noble 
gas. If desired also reactive gases can be admitted via this 
gas inl t. Preferably, reactive gases are not admitted into 
the cathode chamber but, for example, int the discharge 
chamber* Thr ugh the opening in the cathode chamb r the 
lectrons r drawn to th anode or anodes so that the g s 
which is a least partially ionized also emerges from this 



opening* The process chamber is preferably designed in such 
ft- way that; the central axis around vhich the workpiecas ore 
rotating, is arranged vertically. The cathode or the cathode 
chantber is preferably arranged above the anode* In the cath- 
ode chamber the exit opening is preferably arranged down- 
ward. These arrangements sin^liCy the entire handling of the 
system and help to avoid problems that can be caused by 
particle formation. 

in addition to the low-voltage arc discharge arrangement the 
process chamber is equipped with at least one additional 
source, preferably in the form of an arc evaporator. These 
sources act radially in the same direction from the outside 
toward the central axis or the processing zone. It is advan- 
tageous if the low- voltage arc discharge is arranged before 
the coating source with respect to the transport direction* 
An arc evaporator, like the arc discharge arrangement, usu- 
ally has a linear extent that is transverse to the transport 
direction so that the entire processing acone can be coated 
with the desired homogeneity. In the proposed coating ar- 
rangement several round arc evaporators are preferably used 
which are distributed along the chamber wall in such a way 
that the desired homogeneity is achieved. The advantage is 
that the high po%fer consun^ion of the evaporator can be 
split up and that coating thickness distribution can be 
batter controlled or to a certain degree be even adjusted by 
means of the power supply. In this way exceptionally high 
coating rates can be achieved ^ich results in high economy. 
For example^ a process for tools, particularly shaping dies, 
would be configured as followss 

Process example 

The system configuration corresponds to illustrations 2 and 
3. The tools are not rotated around their own axis but only 
pass d in front of the sources by rotating the workplece 
hold r around its central axis. A coating sone with a width 
b of 1000 mm and a diamet r d of 700 mm is form d, within 
which the workpiecas are arranged. Th process chamber has a 
diameter of 1200 mm and a h ight of 1300 mm« 
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Etching parameters s 

Low-voltiage arc current ttVA " 200 A 

Arc discharge voltage Ujlva - 50 V 

Argon pressure P^c " 2.0 x 10" »bar 

Etching current Igub 12A 

Etching time t » 30 «ln 

Etching depth 200 nm 

Coatings 

Current for each arc evaporator Iarc * 200 A 
(8 evaporators with 150 iwn diain. titaniuja targets) 
Arc discharge voltage Uarc * 20 v 

Nitrogen pressure Pm2 « 1.0 x 10* mbar 

Bias pressure Wbi«» - -100 V 

Coating tine t •« 45 roln 

Coating thiclcness TIN 6 m 

The process cycle time for one batch, including heating and 
cooling, is 150 min. 

The voltage generation equipment for the negative accelera- 
tion voltage on the workpiece Is usually operated with volt- 
ages of up to 300 Volt" DC, but to protect the %rorkpieces the 
voltage is preferably kept within the range of 100 to 220 
Volt at which good etching rates are still feasible without 
defects* The low-voltage arc arrangement must be operated at 
least 10 cm away from the workpiece, but the distance should 
preferably be > 15 cm, or preferably within the range of 15 
to 25 cm at which high rates with a good distribution are 
achieved 4 

The coating system according to this Invention is particu- 
larly suitable for processing tools such as drills^ milling 
cutters and shaping dies. The holders and the transport 
devic re d sign d sp clfically for this type of tools. The 
pros nt coating arrangem nt is generally able to achi ve 
good rosultB even if the workpl ces to be coated are rotated 
only around the central axis of th equipment. In particu^ 
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larly critical case* or if a very large number of anall 
parts are to be loaded into the Byetem, the rotation around 
the central axia can eaeily be supplemented In this design 
concept by adding additional rotating axes which In turn 
rotate around the central axis. 

Ttoe invention Ib eubsequently •xemplified and schematically 
explained by weans o£ the following illttstratlons* 

Pig, I A coating arrangement with low-voltage discharge 
according to the conventional technology. (State 
Of the art). 

Pig. 2 Cross-seetion of a typical coating system accord- 
ing to the invention, with peripheral discharge 
chamber for low-voltage discharge 

Fig. 3 Horirontal section of the system Illustrated In 
Fig. 2. 

Pig. 4a croas-sectlon of a part of the arrangement with 
discharge chamber for low-voltage arc discharge 
and multiple anodes arranged inside the chaniber. 

Fig. 4b Same as Pig. 4a but Illustrated with separate 
cathode-anode discharge paths with the cathodes 
arranged in separate cathode chambers. 

Pig. 4c same as Pigs. 4a and 4b, also with separate cath- 
ode-anode discharge paths, but with the cathodes 
arranged in a common cathode chamber. 

Pig. 5 service life comparison curves for tools coated 
with the conventional technology and the technol- 
ogy according to the present invention. 

Fig. 1 lllustrfttoe a known worlcpl c coating arrangement. A 
vacutim chamber serves as process chamber X for accommodating 
a low-volt ge arc discharg 18 which runs in the c nt r of 
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vacuom chamber 1 along the latter' e central axis 16 and to 
vWch magnetron aputtering aourcee 14 are flanged at the 
periphery from the outetde to the chamber wall of proceaa 
chainber I- On the top of process chamber 1 there is a cath- 
ode chartber 2 that holds a thermionic hot cathode 3 which 
can be fitipplied via gas Inlet 5 with the working gaa, typi- 
cally a noble gaa like argon, ror reactive proeeasea also 
active gases can be added, cathode chartber 2 comnmnicates 
with process chamber 1 via a small hole in shutter 4. The 
cathode chamber te usually Ineulated from processing chamber 
by means of insulators 6. Shutter 4 Is additionally Insu^ 
lated from the cathode chamber via insulator 6 »o that shut- 
ter 4 can be operated on floating potential or auxiliary 
potential « as required. Anode 7 is arranged in the direction 
of the central axis 16 on the opposite side of cathode cham- 
ber 2. Anode 7 can have the form of a crucible and holds the 
material to be evaporated by the low-voltage arc discharge. 
During the etching process this evaporation option is not 
used; only ions are extracted from the low-voltage arc 
discharge and accelerated toward the workpieoes in such a 
way that that the latter are sputter etched. For operating 
the low-voltage arc discharge 18 cathode 3 is heated with a 
heater supply unit so that cathode 3 emits electrons. Be- 
t%feen cathode 3 and anode 7 there is an additional power 
supply 8 for operating the arc discharge. It usually pro- 
duces a positive DC voltage on anode 7 in order to sustain 
the low-voltage arc 18. Between arc discharge IB and the 
chamber wall of processing chamber I. workpiece holders are 
arranged that hold the workpieces 11 which can be rotated 
around their vertical central axis 17 in order to achieve 
adequate process uniformity. The workpiece holders 10 are 
supported on an additional workpiece holder arrangement 12 
which is equipped with a rotary drive by wblch these work- 
piece holders 10 are rotated around the central axis 1$. In 
this type of equlpownt it is additionally necessary to focus 
the low-voltag arc discharge 18 via dditional coils 13, 
for xampl in th form of Helmhole coils, it la evident 
that the workpl ces 11 can be processed with th low-voltage 
arc discharge 18, that ion bombardment occurs wh n a n gn- 
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tlve voltage is applied to the substrate, and that electron 
bombardment 1» possible by applying a positive aubatrate 
voltage. In this vay the workpleces can be pre-treated with 
the aid of a low-voltage arc discharge either by jneane of 
electron bombardment Induced by heating, or through ion 
boiabardment with sputter etching. Subsequently the workpiece 
11 can be coated, either through evaporation of material 
from crucible 7 by iReana of the low-voltage arc, or through 
Bputtermg with magnetron sputter eource 14 which la sup- 
plied by the power supply 15. 

It is readily apparent that the mechanical asaambly for 
Bubstrate movement and the arrangement of the low-voltage 
are diecharge are rather complex In this layout. On the 
other hand the degree of freedom la aeverely reatrictcd 
because the workplecea can only be arranged between the low- 
voltage arc discharge located in the center and the outer 
chauiber wall. A system of this type is uneconomical to oper- 
ate for large workplecea or large batch quantitiea. 

An example of a preferred coating arrangement according to 
the invention is illustrated a« a cross-section in Fig. 2. 
Process chamber I contains a workpiece holder II which is 
arranged in such a way that the vrorkpieces can bo rotated 
around the central axle 16 of the process chamber. The cham- 
ber is usually pumped down by the vacuum pumps 19 that main- 
tain the working pressures required for the process steps, 
in the proposed arrangement a large workpiece 11 which ex- 
tends beyond the central axis 16 can, for exan^le, be ar- 
ranged in process chamber 1 in such a way that thla large 
workpiece 11 can be processed by the sources arranged on the 
process chamber wall. "The *one available for loading the 
workplecea essentially fills process chamber 1 completely- 
In such an arrangement It is possible to position either a 
single large workpiece ll or a large number of smaller work- 
piac s which seentially fill the chamber volume. 



The workpiece holder that rot at s th t*orkpi cca 11 around 
the central axis 16 , spans coating width b transv rsely t 



tho rotation diroctlon. In the oyetom according to the In- 
vention it 18 particularly advantageous that unifo3c» and 
reproducible coating rei;ults can be achieved either across 
large coating widths b or across a large depth range that 
extends from the central axis 16 to the periphery of the 
coating width, that is, within the entire diameter D. Based 
on the known concentric anangeiftent according to the conven- 
tional technology in which these conditions were critical, 
it was not to be expected that an eccentric arrangesnent 
according to the present invention would produce better 
results. A large variety of workpiece geowetries with fine 
edges and cutting edges can be handled in this large area 
without problems related to thermal stress or unwanted oc- 
currence of arcs« 

On the outer wall of the process chamber the etching and 
coating sources are positioned in such a way that they all 
act from the outside toward the %K>rkpiece8. For the impor* 
tant preparatory sputter etching process the chamber wall 
features a slot shaped opening, the . length of which corre^- 
epcnds at least to processing width b. Behind his opening 26 
there is a box shaped discharge chamber 21 in which the low- 
voltage arc discharge 18 is generated. This low-voltage arc 
discharge 16 runs essentially parallel to pxrocesslng width b 
and has an effective length which shall be at least 80% of 
processing width b. Preferably the discharge length should 
be equal to the processing width b or extend even beyond it^ 

The axis of arc discharge 18 has a distance d from the near- 
est processing sons, that is# the next workpiece section. 
This distance d shall be at least 10 cm, preferably IS to 25 
cm. This results in good process uniformity and a high sput«> 
tering rate can be maintained. In the lower part of dis* 
charge chamber 21, cathode chamber 2 is flanged on which 
communicates with discharge chamber 21 via orifice 4. Cath* 
od chamb r 2 cont ins a hot cathod 3 which is supplied via 
th heating pow r supply unit 9. This su^^ly can be operated 
with AC or DC* Cathod chamber 2 features a gas inlet port 5 
for supplying the working gas, normally a noble gas like 
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argofif or a noble gas - active gac mixture £or certain reac- 
tive proceases. It la alao poaaible to admit working gases 
via proceaa chantbar 1 by means o£ auxiliary gas inlet 22. 
Active gases are preferably admitted directly into process 
chamber 1 via gas inlel; 22. 

in the upper part of discharge chamber 21 there la an elec- 
trode 7 which is designed as a anode. DC supply 8 is con- 
nected between cathode 3 and anode 7 in such a way that the 
positive pole la on anode 7 and a low-voltage arc discharge 
can be drawn* By applying a negative voltage to the work- 
piece holder or to the workpieces 11 wlt.h the aid of voltage 
generator 20 between the low-voltage arc discharge arrange*- 
ment and the workpiece 11^ argon ions are accelerated toward 
the workplaces so that the surface is spotter etched* This 
can be achieved with acceleration voltages of up to 300 Volt 
DC, but preferably with a voltage in the range of 100 Volt 
to 200 Volt to ensure gentle processing of the workpieces 
11. The process uniformity can be set through appropriate 
positioning of cathode chamber 2, and by arranging anode 7 
relative to prooesaing width b of the workpieces to be proc- 
essed in accordance with the process specifications* Another 
factor is the shape of anode 7. *Phe latter canr *«>Jf example, 
have either a flat, dished, or rectangular shape, or be 
designed as a tubular, cooled anode. 

rig. 3 shows a horlsontal cross«^section of the system based 
on Fig* 2. Shown is again the box-like discharge chamber 21 
on the outer wall of process chamber 1 which communicates 
with the treatment sone through slot opening 26. Of couraei 
several such discharge chambers can be arranged on a system 
as required, for example to further boost the processing 
effect* Also illustrated are the evaporation sources 23 
which are flanged to the chamber wall. For example, magne- 
tron sputter sources can be used as evaporation sources 23 
but for achieving high processing sp eds at low costs, so- 
called arc vaporation sourc a are pr far ably used. Th 
advantage of this arrangement is that th arc evaporation 
aourc s 23 can be fr ely arrang d from the outside in such a 
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way th*t through the distributed arrangement of multiple 
sourceei the desired coating homogeneity can be s^t and a 
high coating rate can be jnaintained. it has been ahoim that 
It is iBor» advantageous not to use single, rectangular 
evaporation sources but several smaller, round sources that 
are arranged on tho periphery of the system in accordance 
with the process requirements. 

Pig. 4a illustrates another advantageous variant of the 
arrangement according to the invention in which cathode 
chamber 2 is located on the top of discharge chamber 21. The 
advantage is that the operating of the discharge path is 
least disturbed by particles which always occur in such a 
coating system. Also shown i» a the possibility of subdivid- 
ing the discharge path by using several anode-cathode cir- 
cuits and making the intensity along discharge 1 adjustable. 
The main discharge is generated with power supply 8 between 
main anode 7 and cathode chamber 2. Additional ancillary 
discharges can be generated with auxiliary anodes 24 and 
auxiliary power supplies 25. In this way It is possible to 
adjust the power density of the discharge along the entire 
discharge path between anode 7 and cathode 2 locally and 
with respect to the intensity to the homogeneity require- 
ments of the workpiece. 

Fig. 4b shows an alternative arrangement. The anode-cathode 
paths can be kept completely apart, or even decoupled by 
using separate anodes 7, 24 « separate cathodes 3, 3', and 
separate cathode chanbare 2, 2'. Another version is illus- 
trated in Fig. 4c in which two separatee anodes 7, 24 are 
used, but a common cathode chamber 2 with two hot cathodes 3 
and 3'. 

Fig. 5 illustrates the teat results of HSS finish milling 
cutters that were processed according to the invention 
(curve b) and th conventi nal technology (curv a), in both 
cases the milling cutters %*ere given a 3.5 |tm TIN coating. 
For the milling cutter according to the conv ntional tech- 
nology (cuirv a) high-voltage etching was first performed in 



the conventional manner whereaa for the milling cutter rep- 
resented by curve b the process according to tho Invention 
wee used* The test conditions were as follows i 



HS8 finish milling cutters 
Number o£ teeth t 



Diom. 16 attiA 



Test materials 
Hardness t 



42 CrMo4 (DIN 1.7225) 
HRC 38.5 



Infeedt 
Cutting speed 
Feed per tooth 
Peed 



15 mm X 2 .5 mm 
40 m/min 
0#088 mm 
280 mm/min 



End of life* Spindle torque 80 (arbitrary unit) 



The result shows clear improvements in the life of the tool 
treated according to the invention. An improvement by a 
factor of 1.5 or more is easily reached. Important is not 
only the extension of the tool life but also the flatter 
progressing of the torque curve which is indicative of the 
deterioration in tool quality toward the end of the tool 
life, jn the example according to Fig. 5 this is clearly 
recognisable at a total milling depth of 15 m« Curve a which 
represents the conventional technology shows a sharp degra*^ 
dation in tool quality at a total milling depth of 15 m. 
This shows that the cutting quality achievable with the 
conventional technology has a greater variance across the 
entire tool life which means that it 1« not very consistent. 

Systems built in accordance with the invention as illus^ 
trated in Figures 2 to 4 achieve far greater throughputs 
with the aforementioned high quality than system 1 which 
conforms to the conventional technology. Throughputs can 
easily be doubl d r even increas d by a factor of 3 to 5 
which dramatically incr ases the oconomy* 
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Summary 

ror depositing hard coatings on hlgh-perfontance tools that 
must be sputter etched before coating^ the invention pro^ 
poses to sputter etch the tools with a low-voltage arc die** 
charge and to subsequently coat them from the direction they 
have been etched « 

Patent claims 

1« Coating arrangement for treating workpieces (11) with a 
vacuum process chamber (1) and a plasma source (IB) ar«- 
ranged on the chamber, and with a coating source (23) 
arranged inside^ said chamber « and said chamber being 
equipped with a holding and/or transport device which 
defines a treatment sone (b) for positioning or passing 
the workpieces (11) in front of the sources, with said 
sources being arranged at a certain distance to the 
workpiece and acting from the same direction, character- 
ised by a plasma source (18) designed as a hot cathode 
low-voltage discharge arrangement, the linear extent (1) 
of which in a direction transverse to the workpiece 
transport direction essentially corresponds to width (b) 
of the processing zone, and containing a device for gen*- 
eratlng an electrical field *(20) bet%reen the arc dis^ 
charge (18) and the workpiece (11)* 

2. Arrangement according to claim l in which the holding 
and transporting device for the workpieces (11) ie ar- 
ranged rotatable around central axis ( 16 ) of process 
chatiiber (1) and with sources (18, 23) arranged on the 
chamber wall in such a way that they all act radially 
from the outside in the direction of the central axis 
(16)* 

3. Arrangement according to claim 1 or 2 in which the 
plasma source of a discharge chamber (21) is arranged on 
th outer wall f chamb r (1) where inside or n dis- 
charge chambar (21) a thermionic emi sion cathode (3), 
and at least 80% of the processing sone width away and 
along processing »one width (b), an anod (7) for gen r- 
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Atlng a low-voltago arc discharge (18) la positioned and 
in which arrangement a noble gas port (5) in dlacharge 
chaxid>6r 21 with a voltage generator (20) ia arranged be- 
tween the anode^cathode circuit and wrJcpiece (11) in 
auch a way that the negative pole la on worXpiece (11) 
80 that the plasma Bource arrangeraont (2, 7, 18, 21) 
functione as a sputter etching device. 

4. Arrangement according to one of the preceding claims in 
which at least one additional anode (24) extending along 
the plasma path at a certain distance from ©aid plasma 
path is arranged between emission cathode (3) and anode 
(7) for adjusting the plasma density distribution along 
arc discharge (18). 

5. Arrangement according to one of the preceding claims in 
which anode (7) and the additional anode (24) arc con- 
nected to separate/ adjustable power supplies (25), and 
featuring an opposite cathode (3) preferably for each 
anode (7^ 25) which together with the corresponding an- 
ode (7,25) and the separate power supply (B, 25) forms 
It's own adjustable power circuit* 

6. Arrangement according to one of the preceding claims in 
which the emission cathode (3) is arranged in a cathode 
chamber (2) separate from discharge chamber (21) and 
with said cathode chamber (2) communicating with the 
discharge chamber (21) via opening (4) through which the 
electrons can emerge^ with the noble gas inlet port (5) 
preferably arranged on this cathode chamber (2). 

7* Arrangement according to one of the preceding claims 2 
to 6 in which process chamber (1) with Its central axis 
(16) is arranged vertically, and cathode (3) or cathode 
chamber (2) is arranged above the anode (7, 24 )# and the 
opening (4) of cathode chamber (2) is preferably point- 
ing downward. 

8. Arrangem nt according to one of the preceding claims in 
which at 1 ast one coating source (23) which pr ferably 
consiats of at least one arc evaporator (23) is arranged 
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on the process chamber wall next to the plasme source 
(1ft) which ie located further ahead In the transport di- 
rection. 

9. Arrangement according to one of the preceding claims in 
which the voltage generator (20) Is designed for volt- 
ages of up to 300 V DC, preferably for 100 V to 20O V. 

10. Arrangement • according to one of the preceding claims in 
which rhe low-voltage arc discharge arrangement: (18) is 
located at least 10 cm but preferably 15 to 25 cm away 
from workpiece (11)- 

11. Arrangement according to one of the preceding claims in 
which the holding and transport device is designed as a 
tool holder, particularly for drills, milling cutters 
and shaping dies, 

12 « Arrangemen't according to one of t.he preceding claims in 
which at least one magnetic field generator is arranged 
in or on discharge chamber (21) for adjusting the plasma 
density distiribution. 

13. Arrangement according to one of the preceding claims in 
which discharge chamber (21) has an opening along the 
full width (b) of the processing zone and with the open- 
ing facing the latter so that the processing zone is ex«* 
posed to the arc discharge. 

14. Process for at least partially coating %rarkpiecss (11) 
in a vacuum process chamber (1) with a plasma source 
(18> arranged on the process chaxober and a coating 
source (23) and with a holding and/or transport device 
arranged in chamber (1) with said device determining a 
treatment cone (b) for positioning or passing the work- 
pieces (11) in front of the sources (18, 23), where the 
sources act from the same side and are arranged at a 
c rtain distance from workpiece (31), and in which proc- 
ess the plasma source (18) gen rates a hot: cathode low- 
voltage arc (18) in a direction transverse to the work- 
piec transport direction essentially at 1 ast across 
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80% of width (b) of the treatment eone and in which 
procaes a voltage is applied between the arc discharge 
and the workpiece for extracting charge carriers front 
the plasma no that they can be accelerated toward the 
eubatrate. 

IS* Proceso according to claim 14 in which the %#crkpiece8 
rotate preferably continuously aroand central axis (16) 
of a processing chamber and pass in front of the sources 
(IB, 23), and in which process the plasma treatment oc- 
curs through charge carrier bombardment: in a first step 
and the coating of workpiece (11) in a second step. 

16. Process according to claim 14 or 15 in which the charge 
carriers consist of ions that are extracted from the arc 
discharge (18) directly with the aid of a negative work- 
piece voltage in such a way that they sputter etch the 
workpiece (ll)» 

17 • Process according to one of the claims 14 to 16 in which 
the homogeneity of the etch distribution across coating 
zone (b) can be set to predetermined values by selecting 
arc lengthr ^he distance (d) between the arc and the 
workpiece, ths position of the arc relative to the work- 
piece, as well as by adjusting the plasma density dis- 
tribution along the arc. 
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Fig. 5 

Spindle tiorque C'-u] 
rnd of tool Ufa 

Hlgh-^voltage etching + 3.5 lun TlK (arc coating) 

Low-voltaga arc coating + 3.5 uro TIN (arc coating), 

(Invention) 

Total milling depth (m] 



